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Abstract 
 
 The paper presents the investigations results of the effect of anaerobic digestion on emissions of NH3, 
N2O and CH4 during storage and after application of slurry. Dairy cattle and pig slurry was stored in concrete 
tanks (12 m3) over a period of 100 days. Gaseous emissions were collected continuously by a large open 
dynamic chamber. Gas concentrations (NH3, N2O and CH4) were analysed by high resolution FTIR-
spectrometry. After storage, the slurries were surface applied on permanent grassland. NH3 emissions were 
followed for two days by a large open-dynamic-chamber. N2O and CH4 emissions were quantified with closed 
chambers until day 20 after application.  65 – 95 % of net total NH3 emissions were lost after slurry application. 
NH3 abatement will therefore be effective, if low emission application techniques are used. This is especially 
important when anaerobically digested slurry is applied. More than 90 % of net total CH4 emissions from 
untreated slurry were lost during slurry storage. Anaerobically digested slurry still emitted methane during 
storage. These emissions can be totally avoided if the secondary fermentation tank and the slurry store are 
connected with the gas bearing system of the biogas plant. Then, CH4 produced in these tanks is collected and 
used as renewable energy source.  
In conclusion it can be assumed that biogas plants will play a major role in the reduction of greenhouse gas 
emissions as they generate renewable energy and reduce CH4 emissions during manure storage. Furthermore, 
anaerobic digestion improves the fertiliser value of animal manures.  
 
 
 
 
INTRODUCTION 
 
During storage and application of slurry, the trace gases ammonia (NH3), methane 
(CH4) and nitrous oxide (N2O) are emitted. Ammonia emissions contribute to acidification of 
soils and eutrophication of ecosystems. Methane and nitrous oxide emissions are responsible 
for the global warming effect. Approximately 23 % of agricultural CH4 emissions (Eggers, 
2002) and one third of agricultural N2O emissions (Mosier et al. 1998) result from manure 
management. Slurry is a good substrate for anaerobic digestion in a biogas plant and is a 
promising raw material for energy production (heat and power). Slurry composition changes 
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during the fermentation process, which might effect trace gas emissions during storage and 
after application of anaerobically digested slurry.  
The objective of this research was to investigate the influence of anaerobic digestion of 
pig and dairy cattle slurry on trace gas emission during storage and after application of slurry. 
 
 
MATERIAL AND METHODS 
 
The storage and application experiments were conducted at the research station of the 
University of Natural Resources and Applied Life Science in Groß-Enzersdorf (Lower 
Austria).  
Slurry origin and composition: 
Untreated and anerobically digested pig slurry was provided by a farm with farrow 
production and pig fattening. The digester (550 m3, mesophil temperature) of the biogas plant 
was filled daily with 10 m3 slurry and 2 tons of grass silage. The average hydraulic retention 
time (HRT) was approximately 20 days, which is too low to achieve a sufficient degradation 
of the organic matter. The digested pig slurry therefore showed a remaining activity of 
methanogensis after having left the digester. 
Untreated and anerobically digested dairy cattle slurry came from two different 
farms. Milk yield (ca. 6.500 kg yr-1) and feeding were similar on both farms. The biogas plant 
mainly digested dairy cattle slurry (320 m3, mesophil temperature).  
The four types of slurry were stored in concrete tanks (each with a volume of 12 m3). Slurry 
composition was analysed at the beginning of the 100-day storage period (table 1) and at 
regular intervals during storage as well as before application (table 2). 
 
Table 1. Slurry composition at the beginning of the 100-day storage 
 Pig slurry Cattle slurry  
untreated anaerobically digested untreated 
anaerobically 
digested 
DM (%) 2,9 2,1 9,2 5,6 
total N (g kg-1) 3,7 3,6 4,0 3,2 
NH4-N (g kg-1) 2,9 3,1 1,6 2,0 
total C (g kg-1) 3,2 2,2 35,4 20,4 
pH 6,8 7,9 7,1 7,6 
 
Table 2. Slurry composition before application 
Pig slurry Cattle slurry  
untreated anaerobically digested untreated 
anaerobically 
digested 
DM (%) 2,1 1,6 4,8 4,9 
total N (g kg-1) 3,2 3,1 4,3 2,6 
NH4-N (g kg-1) 2,7 2,7 2,9 1,9 
total C (g kg-1) 8,6 7,0 17,4 18,8 
pH 7,4 7,9 7,8 8,1 
 
 
Experimental setup: 
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For the determination of the emission flow over stored manure (liquid, solid) and during and 
after manure spreading a large open dynamic chamber (figure 1) was used. It is a modular 
construction, made from transparent polycarbonate plates, which do not adsorb ammonia. A 
comprehensive description can be found in Amon et al. (1996). 
 
 
 
 
 
Figure 1. Design of the large open dynamic chamber (after Amon et al. 1996) 
 
The air flow through the mobile chamber, which covers an area of 27 m2, can be adjusted 
between 1.000 and 11.000 m3 h-1, which results in an air speed between 0,05 and 0,51 m s-1. 
Air flow is recorded as a frequency signal with a datalogger. The FTIR spectroscope measures 
the gas concentrations of NH3, N2O, CH4 and CO2 simultaneously. It has a spectral resolution 
of 0,25 cm-1 and is operated with a white cell with 8 m light path. The detection limit is 0,5 
ppm for ammonia and ambient air level for carbon dioxide, methane and nitrous oxide. 
The different types of slurry were stored over a period of 100 days in four concrete 
tanks, situated side by side, covered with wooden covers. Twice every day the open dynamic 
chamber was moved from one tank to another with a cable winch. Emissions of each 
treatment were measured at least twice a week for several hours. Furthermore, slurry and air 
temperature were continuously determined.  
After the storage experiment the same slurries were applied on permanent grassland. 
Emissions were quantified with the same measurement equipment. For this purpose, the open 
dynamic chamber was installed on permanent grassland. 96 liter of slurry (equivalent to 40 m3 
ha-1) was bandspread on an area of 24 m2 with a watering can. Immediately after slurry 
spreading, the cover of the dynamic chamber was fixed and emission measurements started. 
Ammonia emissions were collected with the large open dynamic chamber and measured with 
the high resolution FTIR spectroscope for two days. N2O and CH4 emissions were determined 
with the closed chamber method. Three closed chambers were used for each treatment. They 
covered an area of 1 m2. From each chamber three gas samples were taken: one immediately 
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after installing the chamber and a duplicate sample after two hours of gas accumulation in the 
chamber. N2O and CH4 concentrations were analysed by gaschromatography: N2O with a 
63Ni-electron-capture-detector (ECD) and CH4 with a flame-ionisation detector (FID). Gas 
samples were taken on days 1, 2, 3, 5, 9, 16 and 20 after slurry application. 
For the calculation of the emission rate (g h-1) it is necessary to multiply the gas 
concentration (mg m-3) with the air flow (m3 h-1). The daily emission rate (g day-1) is 
calculated by multiplying mean hourly emission rates with the factor 24. The missing daily 
emission rates are calculated by linear interpolation. The daily emissions are summed up and 
expressed as cumulated emissions. Cumulated emissions during the 100-day storage and 
during and after application are expressed in g m-3 slurry.  
 
 
RESULTS AND DISCUSSIONS 
 
Table 3 shows the cumulated emissions of NH3, CH4 and N2O. 
 
Table 3: Cumulated  emissions [g m-3] of NH3 , CH4 and  N2O during 100-day storage and after application of 
slurry 
Pig slurry Cattle slurry  
untreated anaerobically digested untreated 
anaerobically 
digested 
 
   NH3-emissions 
Storage 
Application 
Total 
67,8 
168,1 
235,9 
87,8 
164,9 
252,7 
41,0 
549,1 
590,1 
9,9 
611,3 
621,2 
CH4-emissions     
Storage 
Application 
Total 
179,6 
19,2 
198,8 
1432,1 
20,0 
1452,1 
4046,0 
1,3 
4047,3 
1343,0 
2,0 
1345,0 
N2O-emissions     
Storage 
Application 
Total 
22,9 
17,7 
40,6 
29,5 
49,0 
78,5 
20,2 
3,6 
23,8 
28,5 
2,7 
31,2 
 
65 % up to 95 % of the NH3-emissions occured during and after application. 
Especially dairy cattle slurry, which has a high DM-content, forms a natural surface crust and 
thus reduces the NH3-diffusion from the slurry during storage. Untreated and anaerobically 
digested pig slurry generates hardly any natural surface crust and therefore emits higher 
amounts of NH3 during storage. 
Ammonia emissions from field-applied manure are influenced by a complex 
relationship between slurry composition, soil conditions, climate and application technique 
(Sommer and Hutchings, 2001). The comparatively high DM-content of untreated and 
anaerobically digested dairy cattle slurry reduced the infiltration into the soil. Slurry with a 
high DM-content is therefore exposed to the atmosphere whereby the ammoniacal N (NH3 
and NH4+) vapourises into the atmosphere. A reduction of the DM-content in the slurry 
(through separation, biomethanisation or dilution by water) enhances slurry infiltration into 
the soil. The slurry NH4+ is then absorbed by the charged soil particles (organic matter, oxide, 
clay mineral) and is thus made accessible for plant nutrition. 
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NH3-emissions after application were on a low level with all treatments. This was due 
to the low emission band application technique. Anaerobically digested slurry showed slightly 
higher NH3-emissions than untreated slurry. It is a well-known fact that anaerobic digestion 
causes the pH-value and the ammoniacal N (NH3 and NH4+) to rise (Messner, 1988). 
Although the infiltration properties of anaerobically digested slurry are better, the potential for 
ammonia losses is increased. It is thus necessary to use low emission spreading systems like 
trailing hose, trailing shoe or soil injection (ALFAM, 2002). 
CH4-emissions were mainly generated during slurry storage. The fact that more than 
90 % (pig slurry) and 98 % (cattle slurry) of the CH4 emissions occur during storage shows 
very clearly that slurry provides an ideal environment for methanogenesis. Consequently, CH4 
mitigation measures have to start prior to storage. Anaerobically digested pig slurry used in 
these experiments produced eight times more CH4 than untreated pig slurry. This is not typical 
of anaerobically digested slurry, but was due to the very short HRT which led to high CH4-
emissions. The negative effects of a reduced hydraulic retention time (HRT) with regard to 
CH4-emissions are as well described in Sommer et al. (2000). 
In a closed system (biogas plant) the CH4, which is built up during the process and has 
a high energy potential can be burned in a combined heat and power coupling. CH4-emissions 
can be totally avoided by keeping the substrate specific hydraulic rentention time and by 
connecting the secondary fermentation tank to the gas bearing system. 
Cumulated N2O-emissions from pig slurry were higher than from dairy cattle slurry. 
This results from the chemical composition (higher amount of NH4+, availability of organic 
carbon) of the pig slurry and the specific interaction with soil properties (Moitzi, 2002). 
N2O emissions during storage of pig slurry and cattle slurry are at the same level. N2O- 
emissions after slurry spreading show a wide spatial and seasonal variability. The interaction 
of soil and slurry is very complex. Application experiments presented in Petersen, 1999 and 
Wulf et. al., 2001 show that anaerobic digestion of slurry changes the chemical composition, 
especially with respect to degradable carbon. This reduces the potential for denitrification 
upon field application. The results of our experiment support the idea that the specific 
interaction of soil and slurry properties contributes to a higher N2O-emission from 
anaerobically digested pig slurry. 
 
 
 
CONCLUSIONS 
 
Trace gas emissions (NH3, CH4, N2O) during storage and after application of slurry are 
influenced by several factors. NH3-emissions are determined by physical conditions such as 
temperature and pH value whereas N2O- and CH4-emissions depend mainly on microbial 
activity. The different trace gases also differ concerning their emission source as they are built 
at different stages in the manure management continuum. NH3 is mainly emitted during and 
after application whereas CH4-emissions occur mainly during slurry storage. Specific 
strategies to effectively reduce these trace gas emission can therefore only be worked out, if 
these differences are take into consideration.  
NH3-, N2O- and CH4-emissions of slurry – during storage as well as during application - can 
be reduced effectively through anaerobic digestion in a biogas plant under the following 
conditions: 
 
• All the tanks of a biogas-plant containing substrate are connected to the gas-bearing 
system. 
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• The specific hydraulic retention time in the biogas-plant is kept sufficiently long. 
• Anaerobically digested slurry is spread into vegetation near the surface with low 
emission techniques. 
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